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The present invention concerns ramjet engines and missiles 
propelled, by these Earn jet engines. ^ y /7 - y - 

Ramjet engines designed for missile propulsion are already 
well known. These engines, manufactured using steel or an 
aluminum alloy, have a complex structure and are heavy and 
costly. 



The purpose of the present invention is to reduce the weight 
and cost price of such ramjet engines and to simplify their 
structure, in particular by eliminating a large number of 
mechanical connections while still obtaining a high degree of 
rigidity. 

To achieve^ these goals according to the invention, the 
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itended for combustion of -said- f uel m into 
3rS— dieting; ii nhoa by tnn — fact— *ha-b — re- 



rani jet engine^ — j^e orporating a combustion chamber ending in a 
gas^eje^rtion nozzle, a cruising propulsion unit which feeds 
Li - quid - fuel into said combustion chamber, and at ljeast one air 

A i . . M 

duct^whifch feeds air intended for ^combustion of ..said- fuel into 

.SeHrd combustion chamber, 
/ K 
eoiiLdi"iib' a rigid tubular element whose interior volume is divided 

into^^o spaces by -ffleana *y^ / an ^ ntermed ^ ate transverse wall^/v-ofte- 
of wfeieiT* spaces houses ^a*eF cruising propulsion unit while the 
other^ nouses said combustion chamber^ pas s age s ■■ cut into^said 
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quid^ xfuel V 

into^eaid- combustion chamber/^ and^aai^ air duct^inounted on said 

tubular element so as to feed combustion air through the tubular 
He 

wall of said tubular element. 



intermediate transverse wall to permit feeding of 
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It will be seen an especially simple, inexpensive, and 

rigid ramjet-engine structure may thus be obtained. 



S-aid^tubular element is advantageously made of a composite 
material formed from resistant fibers, for example^ glass or 
carbon fibers, coated with a polymerizable synthetic resin, for 



tubular element of this kind entails the application of 
conventional techniques for the manufacture of volumes by 
filament winding on a mandrel using resistant fibers impregnated 
with a hardenable resin. 

Thus, because of the use of such winding techniques for the 
production of a ramjet engine, not only is advantage gained from 
the use of composite filament-based materials providing 
outstanding mechanical properties for a density less than that of 
metals, but, in addition, the original design features of this 
invention may be embodied in a simpler, lighter, and less costly 
ramjet-engine architecture. For example, as will be seen below, 
the filament -winding technique makes possible the incorporation 
of a large number of components, such as the nozzle, thermal 
protective linings, and intermediate wall, in a single operation, 
thereby simplifying ramjet-engine manufacture • Moreover, the use 
of a composite material for the production of the engine allows 
the simple implementation of the pyrotechnical process for 
cutting the apertures through which the air ducts open into the 



combustion chamber, as described in Patent Application No. 88 



07844 , filed June 13 , 1988 i« — the Appl irant n-amo. When, 
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example, epoxy , phenol ic , PSP , or poly imide . 



Production of a 
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according to convent ionalb^ract ice, the ramjet engine contains a 
consumable accelerator which, installed in said combustion 

chamber/ is designed to impart initial propulsion to the missile, 

A /*■ 
tfrrs process makes it possible to cut said apertures only when 

the cruising propulsion unit is ignited, upon completion of the 

combustion of^-eaid accelerator. Thus, problems of a weakened 

structure inhering in the existence of j3re&& apertures and 

aggravated by the high pressure generated by rsa4d- accelerator are 

eliminated. 

Of course, the specifications of said- tubular element allow 
it to bear the operating stresses of the ramjet engine, in 
particular the combustion pressures of the engine and of the 
optional consumable accelerator, as well as the structural 
stresses (resistance, rigidity) linked to the missile. 
Furthermore, as is customary for conventional metal ramjet 
engines, a thermal protection lining is provided on the interior 
walls of g ai - d ^ tubular element, at least in the space 
corresponding to the combustion chamber. 

It will be noted that, because of the present invention, the 
various elements, such as the intermediate transverse wall, the 
thermal protection lining, the nozzle, the optional consumable 
accelerator, and the cruising propulsion unit, may be joined to 
said^tubular element in various ways^ 

•a} — Ihe y may bo a LL uched by Bonding or mec hanical dLLduhi tt ent, 0 1 - 
-fc-fa^y m a y h° ynJr.fr -m ' — i i *1 ' hT"i1 ^ \ -^ J H ! M^r^ — 
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— Theymay be positionSffion tn e winding mandrel of & a ld ruJ Dij^ar 
elements and, thus incorporated into it during its manufacture by 
filament winding; 

c) They may be built in their intended /locations and 
simultaneously with the tubular element, Xo as to form a 
monolithic assembly (this is £he — qas^ when the materials 
composing the various ^xJmponents similar composite 
materials) . 

d) Said components iri^y be grouped i#to two sub-assemblies so as 
to obtain: 

first, /a "combust^n-ch/imber 11 sub-assembly made up of 
the intermediate transverse wall, the thermal 
protection livings, $fnd( the ramjet engine nozzle; 
and ^econd^ a "crjrfisirig propulsion-unit" sub-assembly 
made \up/ of cojrtponents o^rresponding^to the type of 
ramjejr eng-rrie chosen. 
These sub-assemblies are then inserted and attached on the 
inside of /xhe tubular element, thus ensuring the mechanical 
solidity /of the assembly. This last manufacturing method is 
particularly recommended for the cruising propulsion unit, which 
is ychen incorporated into a sub-structure manufactured using 
lent winding^ 

The special nature of the "cruising propulsion-unit" sub- 
assembly design, which consists of a wound volume which is slid 
into and fastened to the interior of the tubular element, makes 
it possible to have a single main structure for several different 
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types of ramjet engigffigy includ i ng ? 

a semi-solid propellant block for cruising, which cpn in 
consequence be molded and bonded onto said tubular elemeiit? 

- a gas-generating ramjet engine, termed "separate," in 
which s^id sub-assembly contains, in addition to' the free semi- 
solid propellant block, an ignition system and/sonic injectors; 

- a liquid-fuel ramjet engine, in wh^ch said sub-assembly 
comprises a fuel tank, its f luid-driylng generator, and its 
injection system. / 

Thus, among the major special features of the present 
invention, which will be described more clearly below, may be 
mentioned: / 

- Said intermediate / transverse partition may be made 
directly .unitary with said rigid tubular element, 

- Inversely, said/ intermediate transverse partition may be 
made unitary with safid rigid tubular element by means of one of 
the two sub-assemjz&ies, i.e., the "cruising propulsion unit" and 
the 11 combust ion/chamber. " 

- Of the two sub-assemblies made up of said cruising 
propulsion/unit and of said combustion chamber respectively, at 
least one may be manufactured inside of said tubular element. 

/ As a variant, at least one of said assemblies may be 
manufactured as a module, installed, and attached within said 
tfubular ol om e nta — • 



COMfti^NTIAL 



COyBJ#fNTIAL 



In — yet — afi^hei^jjtwarian^ — said — * 'utM 11 — eleme**fc — may — bs ^ 
constructed around at least one of the two assemblies made jap of 
said cruising propulsion unit and of said combustion chaiidoer; 

- Said tubular element may incorporate /inserts for 
attachment of said air ducts; 

- These inserts, intended to attach >tfr^ ends of said air 
ducts to said tubular element in the/ area of the combustion 
chamber, may be made unitary with s^ic^jintermediate transverse 
partition. 

- Said combustion chamber jflciy incorporate a consumable 
accelerator. 

- Said inserts, intended to attach the ends of said air 
ducts to said tubular element in the vicinity of said combustion 
chamber, may shaped &of as to form cutting knives to cut the air- 
feed apertures in/ the walls of said tubular element at the 
appropriate moment. 

The attached drawings will promote understanding of the way 
in whi^n the invention may be built. In these drawings, 
i$3^rffeea-l^- references de sig mtL e s imilar componBrrbsr^-. 

Figure 1 is a partial longitudinal cross-section of a 
missile equipped with a ramjet engine conforming to the present 
invention/ y 

Figure 2 is a longitudinal cross-section on a larger scale 
of the ramjet-engine example according to the invention 
illustrated in Figure l,j 

7 
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Figure 



is 



cR$&r.ial cross-section of an example of 



installation of the air duct in the vicinity of the tubular 
element/^ 

Figure 4 is a cross-section along line IV — IV of Figure 3sj 

Figures 5 and 6 are cross-sections illustrating other 
embodiments of the ramjet engine according to the invention/^ 

Figures 7 through 19 are diagrammatic illustrations of an 
example of the procedure used to build the ramjet engine shown in 
Figures 1 and 2/;/A**^ 

Figures 20 to 32 are diagrammatic representations of an 
example of a procedure for the construction of another ramjet 
engine conforming to the present invention. 
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Air ducts 4 are arranged on the circumference of the missile 
1 and are attached to^ sa*d ramjet engine. Each of these ducts 
incorporates, toward the front, an air intake 5 and, toward the 
rear, a bend 6 allowing its attachment to the exterior wall of 
•sa*d ramjet engine 3. 



As— wil - 1 — emerge m ga-ri y f^om — the — ^^T.rinfj Hognriptio r i j 



ramjet engine 3 according to the invention may be built according 
to a large number of variant embodiments, and may be constructed 
in several different ways. However, whatever the embodiment^ the 
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ramjet engine 3 comprises xfsee--fehe--eft-larged Figtree— 

^ a rig ± d tubular element I .m a de by the f il -i a men t"winding -- on 
a mandrel of resistant fibers coated with a hardenable resin; / 

- an intermediate transverse partition 8 separating the 
interior volume of said tubular element 7 into two spaces, 9 and 
10 respectively, of which one, i.e., forward space 9*% houses the 
cruising propulsion unit 11, while the ojfcher, i/e., rear space 
10, is designed to house the combust iem chamber of said ramjet 
engine 3 ; / /!/ 

- passages 12 cut in said transverse Vpart it ion, in order to 
allow feeding of liquid fuel from the cruising propulsion 11 unit 
into the combustion chamber; / 

- a gas-ejection nozzLer 13 fitted at the rear extremity of 
space 10 opposite to tj>e transverse partition 8; and 

- a thermal^pfotection lining 14 covering at least the inner 
wall of spade 10. Thus, the combustion chamber is formed from 
^^^rm ^^X r i 11 n nri ~ffl*4-<i- ^3-^ j ng JU L, — 

In the embodiment show in Figures 1 and 2, it has been 
assumed that a thermal protection lining 15 has also been formed 
on the surface of the transverse partition 8 facing the space 9 
containing the cruising propulsion unit 11. 

A consumable accelerator 16 may be installed on the inside 
of the combustion chamber 13, 14. 

Furthermore, inserts 17 and 18 may be incorporated into the 
rigid tubular element 7 for the purpose of attaching the air 
ducts 4 onto the ramjet engine. The inserts 17 are fitted onto 
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the forward end of "^^^^ubular element 7 and make it possible to 
attach the intermediate (or forward) part of the air ducts 4 (see- 
Figure 1) • On the other hand, inserts 18 are installed in the 
vicinity of the intermediate transverse partition 8, but just to 
the rear of it (i.e.. facing the space 10 making up the 
combustion chamber) £ — they — metke it possible to make the rear 
extremities of the air ducts 4 unitary with the side wall of the 

tubular element 7 after the bends 6 in ducts. 

A 

Figures 3 and 4 illustrate on a larger scale the attachments 
of the rear extremities of the air ducts 4 to the inserts 18. In 
these figures, it has been assumed that each air duct 4 contains 
within its bend 6 an obstacle 19 dividing -search air duct into two 



>, each of' which is des i gn e d to /q t 



passages 4a and 4b, each of' which is des i gn e ® to 'em p ty into the 
forward portion (just to the rear of the partition 8) of the 
combustion chamber 13, 14 through openings 20a and 20b, 
respectively . 

The rear extremity of the air ducts 4 ends in a collar 21, 
which may be attached to the tubular element 7 using fastening 
means (only the axis of which 22 is shown for purposes of 
clarity) such as screws driven through the wall of M &a*d- tubular 
element 7 and .&a±d inserts 18. 

Openings 20a and 20b may be drilled mechanically in the wall 
of the ^tubular elemen£ 7 prior to attachment of the air ducts 4 
to ,fe hi s latt er. These openings may preferably also be drilled in 
saMt wall at the precise moment when the cruising propulsion unit 
11 is ignited, as is explained in the above-mentioned^ patent? 
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application. In this case, pyrotechnic cutting fuses 23 are 
installed on the inner circumference of passages 4a and 4b and 
against the wall of said tubular element 7. The inserts 18 
provided for attachment of the air ducts 4 are^ in this case^ ring- 
shaped, the inner circumference of which 24 acts as a knife for 
the cutting of the wall of the tubular element 7 by the 
pyrotechnic fuses 23. 

The missile 1 thus functions in the following manner: 
Initially, since the ramjet engine 3 is not operational, the 
missile is propelled by the consumable accelerator 16 (composed, 
for example, of a sol id-propel lant load) housed within the 
combustion chamber^i^ — £4r. 

sat 



When the accelerator 16 is operating /^A-^ 



- the air ducts 4 are blocked by the wall of the tubular 
element 7 sealing the openings 20a, 20b at the intake of the 
combustion chamber 13 , 14 ; 

- an acceleration nozzle, smaller than that (13) of the 
ramjet engine, is positioned at the outlet of the combustion 
chamber 13, 14. This nozzle 25 may be composed of a simple tube 
formed in the accelerator block 16. 

When the accelerator 16 ceases operation, nattiri acceleration 
nozzle 25 is ejected and the pyrotechnical fuses 23 are 
activated. The openings 20a and 20b are thus cut out, and air, 
flowing (arrow F) in the air ducts 4 through the openings 5, is 
drawn into the combustion chamber 2£-, — 14., through the openings 
20a and 20b created in this way. 
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Simultaneously, the cruising propulsion unit 11 is activated 
to ensure the continued propulsion of the missile 1, which has 
already been propelled by the consumable accelerator 16, until 
flight is completed. 

The intermediate transverse partition 8 may be made either 
of metal, or, preferably, of a fiber-resin composite material, 
having the same nature as that used to make the element 7. In 
the event that the intermediate partition is metal, it may form a 
monobloc hood in combination with the inserts 18. 

The partition may be/ys^^ 

S&1 

- ■ insert od — -arrd — bunded — fee — the — in s i de — of — the — polymerized? 
tubular element 7 ; 

- or inserted in the winding mandrel of sai^/element and 
incorporated into this latter during the winding of the composite 
material ; 

- or manufactured using Jp&sfifri- impregnated fabrics set 
between two parts of the ^rtfandrel ^nd incorporated into the 
tubular element 7 wh^jr^this latter is wound, the entire unit 
being polymer ized^€ogether to form a monolithic structure; 

- final^, it may make up the front extremity of a secondary 
structure containing all of the components of the integrated 

Similarly, the nozzle 13 of the ramjet engine 3 may be/, 



^iftserted — and — bonded — fe o the 
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■w — placod — in- ■winding — m aiuli gl ot — Ssaitf — ejromo R >t 



incorporated into it when the composite material is wounc 

- or formed directly on the mandrel, for ex^irr^le by winding 
a fringe of res in- impregnated, f ir§pa?9of jpaa^erial (for example, 
as described in French Patent 84/L27ifc#of August 14, 1982) or by 
positioning of specif ically-qj?^en£6<j( fabrics, then incorporated 
into the element 7 wheiK^bhis latter is wound, the entire unit 
being polymerized trdgether so as to form a monolithic structure; 

- or filially, it may made part of a secondary structure 
compr^srfng all of the components of the integrated accelerator 

The protective lining 14 may be installed in three different 

ways/ ^ — 

t^ onv en ti o nally, — by m o lding — on — the — inside~T5T — the — bui 
element 7, after polymerization of this latter; 

- or, by molding it around a mandrel, polymerizipjg^it, then 
winding the tubular element 7 on the assembly tjKfs formed. In 
this case, and if the desired thermal £rqfe€ction is silicone- 
based, a bonding layer must be yaid yjffiwn on what will be the 
surface of the thermal protect id&^onf which the winding of the 
tubular element 7 will take 

- or by placing ^a^layer several millimeters thick (e.g., 4 
to 12) of a fi^ef^resin material on the mandrel. The fibers may 
be made jtft silica or silicon carbide, and the resin must be 

llfi^jwdfcfa—th at us e d in - the Lubular Clemen L 
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This thermal protection may be installed by filament winding 
(incorporating the slightest possible angle to restrict 
ablation) , by winding a fringe, or by encasing the mandrel in a 
three-dimensional fabric cover. The ramjet-engine nozzle 13 may 
also be formed simultaneously and using the same procedure., 

The tubular element 7 is then wound on this thermal 
protection, and the unit thus formed is polymerized. 

/ Finally, the thermal protection lining 14 may constitute 
part of a secondary structure comprising all of the elements of 
the integrated accelerator 16. It is then installed using one of 
the three methods previously described. 

As was indicated above, the accelerator 16 is preferably of 

the solid-propellant type without added nozzle, consisting of a 

A 

propellant block with a central channel 2 6 and a tube 2 6 at the 
rear (forming a nozzle) which is molded ami bonded in the' 
c ombusti o n chambe r 10- ^?he choice of this type of accelerator is 
made in the interest of extreme simplicity of design^ However, 
in the event that the disadvantages linked to the presence of a 
nozzle (i.e., greater complexity and ejection threatening the 
carrier) are not considered to rule out its use, the accelerator 
16 may be fitted with a nozzle, this latter (not shown) being 
incorporated into the tubular element 7, then ejected when the 
accelerator 16 has burned up, for example, by - meano of 
pyrotechnic cutting. 

In the embodiment represented in Figures 1 and 2, the 
cruising propellant unit 11 is assumed to comprise a semi-solid 

THAI 




propellant block 27 and an ignition system 28. 

In this case, the reduction gases burned in the chamber 9 of 
the ramjet engine are generated by the pyrolysis of the semi- 
solid propellant block 27 which has been molded and attached in 
-eaitf chamber, and are injected into the combustion chamber 10 
through the large passages 12 cut in the intermediate partition 
8. 

The block 27 may be installed in the chamber 9 in any 
appropriate manner. However, the block will preferably be molded 
and bonded onto a secondary structure 29 (for example, a 
structure constructed by filament winding) , which is then slid 
into position and bonded inside the chamber 9 of the tubular 
element 7. 

It will be noted that the secondary structure 29 contains no 
rear extremity (in order to allow molding of the block 27) , and 
that its side wall does not have to be furnished , in order to 
withstand the operating pressure of the propulsion unit 11. 
Indeed, corresponding stresses are borne by the side wall of the 
tubular element 7, against which said secondary structure rests 
for support. On the other hand, the forward end of the secondary 
structure 20 is furnished so as to withstand the operating 
pressure of the propulsion unit. 

Figure 5 illustrates an embodiment of the ramjet engine 3, 
in which the cruising propulsion unit 11 is of the solid 
propellant type with separate gas generator. In this case, a 
semi-solid propellant block (which may be doped with boron) , 
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which generates the ^reducing gases serving as fuel for the ramjet 



engine, may be free. -ftr ^oBTOqucnoov it is simple to position it 

A* 

in the chamber 9. An ignition system 31 is provided, and the 
passages 12 cut in the partition 8 thus become sonic injectors 
32. As before, a secondary structure 29 enclosing the block 30 
may be provided. 

In the embodiment shown in Figure 6, the cruising propulsion 
unit 11 comprises a tank 33 of liquid fuel, a system 34 for the 
injection of the fuel into the chambe r 10, and a system 35 which 
drives the fuel from the tank 3 3 to the injection system 34. 
Here again, the propulsion unit 11 may be installed in different 
ways, in particular using the secondary structure 29. 

It will be noted that the construction of the propulsion 
unit 11, of whatever type, as a plug-in cartridge 29 is worthy of 
consideration, since it allows a standard elementary structure 
(comprising the tubular element 7, the wall 8, the nozzle 13, and 
the accelerator 16) to be equipped with the propulsion unit best 
suited to requirements. 

Using Figures 7 through 19, an example of the procedure for 
the construction of the ramjet engine 3 shown in Figures 1 and 2 
will be illustrated below. 

First, two cylindrical mandrels 40 and 41, having the same 
diameter, are readied; they may be made unitary coaxial ly, one 
mounted on the end of the other, because of a system of male 42 
and female 43 plugs fitted respectively in the rear extremity 44 
of the mandrel 41 and in the forward extremity 45 of the mandrel 
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As will be seen below, mandrels 40 and 41 correspond to 

•e hamber s- 10 and 9, respectively. Mandrel 40 has on its surface, 
A 

in the vicinity of its forward extremity 45, indentations in 

which the inserts 18 (Figure 7) are fitted. Furthermore, ceramic 

sleeve tubes designed to form passages 12 are positioned on the 

male plugs 42 (Figure 8) . 

Next, layers 46 of fabric woven from resistant fibers 

impregnated with polymerizable resin are placed on the rear 

extremity 44 of mandrel 41; said sleeve tubes 12 protrude through 

these layers (Figure 9) . In a symmetrical arrangement, layers 47 

of fabric woven from resistant fibers impregnated with 

polymerizable resin /<yre placed on the forward extremity 45 of 

mandrel 40, said - layers 47 being pierced with holes 48 opposite 
A, 

the female plugs 43 (Figure 10) . 

The two mandrels 40 and 41 are joined together one mounted 
on the end of the other, in such a way that the layers 46 and 47 
are pressed together between (said rear and forward surfaces, 44 
and 45 respectively, so as to ultimately form the transverse 
partition 8. In this position, the portions of the sleeve tubes 
12 protruding beyond the layers 46 pass through the holes 48 and 
are inserted into the female plugs 43 (Figure 11) . 

This assembly is placed on a bobbin winding machine, which 
creates on the joined mandrels 40 and 41 filament windings, for 
example^ windings alternately polar and circumferential. Thus, a 
composite wall 50, made up of several layers and designed to form 
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the tubular element obtained, in which metal inserts, such 

as, for example, the inserts 17 used to mount the air ducts 4, 
may be incorporated during winding (see Figure 12). 

The entire structure thus obtained is polymerized, either in 
an oven or an autoclave, depending on the type of resin used. 

The wound extremities 51 and 52 are cut at the two ends, and 
the winding mandrels 40 and 41 1 removed. The structure 7, 8, 9, 
10, 12, 17, and 18, represented in Figure 13, is then obtained. 

The nozzle 13 is then bonded to the rear of the chamber 10 
of the structure (Figure 14) , and the thermal protective surfaces 
14 and 15 are molded within the structure (Figure 15) . The 
acceleration propellant block 16 is molded in a similar manner 
(Figure 16) . 

Furthermore, as illustrated in Figure 17, a secondary 
composite structure 53, fitted with a polar seat 54 at its 
forward end 55, is wound on another mandrel 56. It may, for 
example, be made of a single winding layer having a slight angle 
of winding. This secondary structure 53 is then polymerized; 
then, once its rear extremity 57 is sectioned, it is unmolded so 
as to form the secondary structure 29 (Figure 18) . 

The semi-solid propellant block is molded inside of the 
secondary structure 29 (Figure 19) ; next, this secondary 
structure is positioned and bonded in the chamber 9 of the 
structure shown in Figure 16, so as to form the ramjet engine 3 
illustrated in Figures 1 and 2. 

A variant embodiment of the ramjet engine in accordance with 



the invention, cont|^gg|g(ED8^ ^^^d^ fuel tank similar but not 

identical to the tank 33 shown in Figure 6, will now be described 

with reference to Figures 22 to 33. 

A mandrel 60 equipped with a projecting shaft 61 is 

constructed for manufacture of the ramjet-engine fuel tank. This 

mandrel may be either a soluble mandrel^g ^^c^^ ^^ ri^l volume 

made of an very thin aluminum alloy ^ this — latter * volume, which 

forms a permanent, integral part of the finished tank, makes it 

possible to obtain a high degree of impermeability, in the event 

it is feared that the composite to be wound thereafter cannot 

perform this function (Figure 20) . 

The resistant structure 62 of the fuel tank is constructed 

by moons of ' filament winding of resistant fibers impregnated with 
A 

the same resin as that to be used to construct the tubular 
element 7 (Figure 21) . 

Two additional pieces of the mandrel 63 and 64 are mounted 
on the shaft 61 at either end of the tank 62 wound in this manner 
(not yet polymerized) ; a main structure 65 (analogous to 
structure 50 in Figure 12) is constructed by filament winding on 
the large mandrel 60, 63, 64 thus obtained (Figure 23). All 
metal inserts (such as 17) required for mounting various 
assemblies (air intakes, control surfaces, etc.) are added during 
this winding procedure. 

The assembly made up of the main structure 65 and the fuel 
tank 62 is polymerized. 

Following the sectioning of the ends created by the winding 
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of the main structure 65, the two additional mandrel pieces 63 
and 64 are unmolded. The assembly 7, 17, 62 illustrated in 
Figure 24 is then obtained. 

In addition, a mandrel 66 which is either soluble or 
dismountable using keys is made in the exact shape of the ramjet- 
engine combustion chamber yet to be built. The combustion 
chamber will be built on this mandrel, and will contain, in 
addition, the integrated accelerator. Shafts 67, which will give 
material existence to the apertures required for the insertion of 
the injectors, are positioned in the forward end of the mandrel. 

A hood made of silica fibers, impregnated with resin, and in 

which openings 69 have been cut corresponding to the air intakes 

2 0a, ^AO—tor, is positioned on the front portion of the mandrel 66. 

Next, a cover 70 designed to form the intermediate partition 8 is 

placed over the hood. This cover 70 contains openings 71 

matching the air intakes 20a, 20b (Figure 26)^~-ife may either be 

A 

made of metal or molded by compression of a high-performance 
resin loaded with suitably-placed carbon fibers. Various parts, 
such as those required for mounting the injectors and the 
ignition device (not shown) , are inserted. 

Silica fibers impregnated with resin are wound on the 
remaining cylindrical part of the mandrel 66, so as to form a 
lining 72 (Figure 27) . Thus, thermal protection 14 is provided 
by the hood 68 and the lining 72. 

Disks 73 made of polymerized thermal protective material are 
placed in the air-intake openings (Figure 27) . 
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A thin wrapping 74 covering all of these components is 
created by low-angle filament winding of carbon fibers. The 
purpose of this wrapping is to join all of the components forming 
a module 75 designed to be inserted in the combustion chamber 
(Figure 28) . 



The assembly described above is polymerized f--nQx4~-, once the 

A 

rear extremity of the wound wrapping is cut away, the mandrel is 
dissolved or taken apart and withdrawn from the module 75 of the 
combustion chamber thus formed (Figure 29) . 

An acceleration propellant block 2 6 is then molded in the 
module 75 of the combustion chamber (Figure 30) , after which the 
cover 70 is fitted with an injection system 76 (Figure 31) . 

The module 75 , thus equipped with the integrated accelerator 
16 and the injection system (76) , is slid into the structure 
shown in Figure 24. Care is taken to position the air-intake 
apertures correctly. The assembly is then cemented (Figure 32) . 

The cruising propulsion unit 11 is then completed through 
the forward opening 62a cut by the shaft 61 in the tank 62 
(Figure 33) . 
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